S
troke is a leading cause of mortality and long-term disability. The consequences of stroke are often devastating and irreversible. Many stroke survivors experience mental and physical impairment and require assistance with daily life activities. Prevention of stroke through modifiable risk factors, such as diet, is, therefore, crucial to public health. Diet may influence stroke development through multiple pathways and mechanisms, including effects on blood pressure, blood lipids, thrombosis and coagulation, oxidative stress, systemic inflammation, endothelial function, glucose and insulin homeostasis, gut microbiome, and body weight. This review summarizes available data from prospective studies and randomized controlled trials (RCTs) of the associations of dietary patterns, foods, beverages, selected nutrients, and bioactive compounds with stroke risk.
Dietary Patterns
The DASH diets (Mediterranean and Dietary Approaches to Stop Hypertension) are the most well-studied dietary patterns. The traditional Mediterranean diet is characterized by high amounts of olive oil, nuts, fruits, vegetables, and cereals; moderate amounts of fish and poultry; low consumption of dairy products, red and processed meats, and sweets; and wine in moderation. 1 Such diet is high in fiber, vitamins, minerals, phenolics, and unsaturated fatty acids and low in sodium and saturated and trans fatty acids. Results from a meta-analysis of 13 observational studies and 1 RCT showed that a high adherence to a Mediterranean-style diet pattern was associated with a ≈30% reduced risk of stroke (relative risk [RR] , 0.68; 95% confidence interval [CI] , 0.58-0.79). 2 The meta-analysis included results from the PREDIMED trial (Prevención con Dieta Mediterránea), which was the first large RCT to examine whether cardiovascular disease events could be reduced by a Mediterranean diet. 1 In the PREDIMED trial, 7447 Spanish adults at high risk of cardiovascular disease were randomly assigned to 1 of 3 diets: a Mediterranean diet supplemented with extravirgin olive oil, a Mediterranean diet supplemented with mixed nuts (walnuts, almonds, and hazelnuts), or a control diet (advice on a low-fat diet).
1 During a median follow-up of 4.8 years, the secondary end-point event of stroke occurred in 139 participants. The RR of stroke for the Mediterranean diet supplemented with extravirgin olive oil or nuts versus control diet was 0.61 (95% CI, 0.44−0.86). 1 The trial further showed that the Mediterranean diet reduced 24-hour ambulatory blood pressure, as well as total cholesterol and fasting glucose levels. 3 The DASH diet is rich in fruits, vegetables, and low-fat dairy products and is reduced in saturated and total fat. 4 In an RCT involving 459 adults, the DASH diet significantly reduced systolic and diastolic blood pressure by 5.5 and 3.0 mm Hg, respectively, more than a control diet. 4 Prospective studies have also shown an inverse association between the DASH dietary pattern and risk of stroke.
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Fruits, Vegetables, Micronutrients, and Bioactive Compounds
Nearly all prospective studies demonstrate an inverse association between fruit and vegetable consumption and risk of stroke. 6 In a recent meta-analysis, the RR of stroke for each 200-g/d increment of total fruit and vegetable consumption was 0.84 (95% CI, 0.76-0.92; n=10 studies). 6 Each 200-g/d increase of total fruit and total vegetable consumption was associated with a 16% (n=16 studies) and 13% (n=13 studies) lower stroke risk, respectively ( Figure 1) . 6 Fruit and vegetable consumption was inversely associated with risk of both ischemic and hemorrhagic stroke. 6 Results for fruit and vegetable subtypes showed that high versus low consumption of apples/ pears, citrus fruits, and green leafy vegetables was associated with a significantly reduced risk of stroke. 6 Fruits and vegetables are rich sources of fiber, micronutrients (eg, vitamin C, folate, magnesium, and potassium), carotenoids, and phenolic compounds, which may act separately or synergistically to reduce the risk of stroke. A diet rich in fruits and vegetables modestly lowers blood pressure. 4 This effect may, in part, be ascribed magnesium and potassium, which may modestly reduce blood pressure and have been observed to be inversely associated with risk of stroke in meta-analyses of prospective studies (Figure 2) . 7 Fruits and vegetables are the predominant sources of vitamin C, which is an antioxidant that may reduce oxidation of low-density lipoprotein cholesterol, suppress smooth muscle proliferation, and reduce blood pressure and systemic inflammation, and eventually slow the progression of atherosclerosis. 8 Prospective studies have reported inverse associations of circulating vitamin C and dietary vitamin C with risk of stroke ( Figure 2 (Figure 2 ). 9 The association was more pronounced in RCTs conducted in lowfolate regions where folic acid supplementation significantly reduced stroke risk by 22% (n=2 trials in Asia) and by 15% in areas without folic acid fortification (n=11 trials); no benefit from folic acid supplementation was observed in regions with folic acid fortification. 9 Carotenoids and flavonoids (phenolics) may contribute to the observed reduced risk of stroke associated with high fruit and vegetable consumption. In prospective studies, high circulating lycopene (a carotenoid) 10 and dietary flavonoid intake 11 are linked to a lower risk of stroke ( Figure 2 ). Lycopene and flavonoids could plausibly reduce stroke risk by antioxidative, anti-inflammatory, and antithrombotic effects and by improving endothelial health. 10, 11 Because many of the potential beneficial compounds in fruits and vegetables are highly correlated, it is difficult to disentangle the separate impact of single nutrients and bioactive compounds on stroke risk. 
Potatoes, Grains, and Carbohydrates
Potatoes mainly contain starch (long chains of glucose) that is rapidly digested and generally produces a high glycemic response. The few prospective studies of potato consumption and stroke risk found no association ( Figure 1 ). 6 Refined grain consumption also seems neutral for stroke risk. 12 Whole grain consumption was associated with a nonsignificant lower risk of stroke in a meta-analysis of 6 prospective studies ( Figure 1 ). 13 Although total carbohydrate intake has no relation to stroke risk (Figure 2) , the results from a meta-analysis of 6 prospective studies showed that a diet with a high glycemic load (a measure of the glycemic response of a food or a meal) was associated with an increased risk of stroke (RR, 1.19; 95% CI, 1.05-1.36).
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Nuts and Legumes
Nuts are rich in fiber, unsaturated fatty acids, vitamins, minerals, and phenolic compounds, which may produce cardiometabolic benefits. In the PREDIMED trial, participants assigned to a Mediterranean diet supplemented with mixed nuts had a 46% reduced risk of stroke (RR, 0.54; 95% CI, 0.35-0.84), compared with the control group (advised to reduce fat intake).
1 A meta-analysis of 11 prospective studies showed a significant 11% lower risk of stroke when comparing high versus low nut consumption (RR, 0.89; 95% CI, 0.82-0.97) and a nonsignificant 7% lower risk for each 1 serving per day increase of nut consumption ( Figure 1 ). 15 The RRs of stroke per 10 g/d increase of peanut and tree nut consumption were 0.63 (95% CI, 0.41-0.95; n=5 studies) and 0.89, respectively (95% CI, 0.69-1.14; n=3 studies). 15 Legume consumption seems neutral for stroke risk (Figure 1 ). 16 
Olive Oil and Monounsaturated Fat
The few available prospective studies and RCTs of olive oil consumption in relation to stroke risk have reported a significant inverse association. 17 In the PREDIMED trial, participants randomized to the Mediterranean diet supplemented with extravirgin olive oil experienced 33% reduced risk of stroke (RR, 0.67; 95% CI, 0.46−0.98), compared with the control group (advised to reduce fat intake).
1 A metaanalysis combining the results from the PREDIMED trial (Spanish population) and 2 prospective cohort studies (Greek and French populations) showed that a 25-g/d increment of olive oil consumption was associated with a significant 24% reduced risk of stroke ( Figure 1) . 17 Olive oil is rich in phenolic compounds and has a high proportion of monounsaturated fatty acids (primarily oleic acid). In a meta-analysis of prospective studies, a high monounsaturated fatty acid intake was not associated with overall stroke risk (Figure 2 ), but was associated with a lower risk of hemorrhagic stroke (RR, 0.68; 95% CI, 0.49−0.96; n=4 studies). 18 
Chocolate
In a meta-analysis of 5 prospective studies conducted in Europe and the United States, the RRs of stroke were 0.81 (95% CI, 0.73-0.90) for high versus low chocolate consumption and 0.86 (95% CI, 0.76-0.97) for each 50-g/wk increase in chocolate consumption (Figure 1) . 19 An inverse association between high chocolate consumption and stroke was confirmed by a second meta-analysis of 5 European cohorts (high versus low chocolate consumption: RR, 0.78; 95% CI, 0.70-0.88). 20 Cocoa is rich in flavanols (flavan-3-ols), which have antioxidant properties. 21 The overall findings from RCTs show that cocoa and chocolate consumption have modest but measurable beneficial effects on blood pressure, endothelial function, platelet aggregation, and insulin resistance. 21 
Dairy Products and Calcium
The association between dairy product consumption and stroke risk was examined in a recent systematic review and meta-analysis of 18 prospective studies. 22 Overall, an increment of 200 g/d of milk was associated with a 7% reduced risk of stroke (RR, 0.93; 95% CI, 0.88−0.98; n=14 studies), but considerable heterogeneity was present (P<0.001). 22 Subgroup analysis revealed that milk consumption was associated with a lower risk of stroke in Asian studies (RR, 0.82; 95% CI, 0.75−0.90; n=5 studies) but not in European or US studies (RR, 0.98; 95% CI, 0.95−1.01; n=9 studies). 22 In a meta-analysis of 3 European cohorts and 1 US cohort, highfat milk consumption was weakly positively associated with stroke Figure 1) . 22 In sum, there is no strong evidence for either harmful or beneficial effects of dairy intake on stroke risk.
Dairy products are the major source of dietary calcium in many populations. A recent meta-analysis of 13 prospective studies found no overall association between calcium intake and stroke risk. 7 However, another meta-analysis of 11 prospective studies found evidence of a nonlinear relation between calcium intake and risk of stroke, 23 with an inverse association observed in populations with a low calcium intake (<700 mg/d [mainly Asian populations]; RR per 300-mg/d increase in calcium intake, 0.82; 95% CI, 0.76−0.88) and a weak positive association in populations with a high calcium intake (≥700 mg/d; RR per 300-mg/d increase in calcium intake, 1.03; 95% CI, 1.01−1.06; Figure 1 ). 23 Calcium supplements increase serum calcium level, which has been positively associated with risk of stroke. 24, 25 A metaanalysis of 3 prospective studies (including 727 stroke cases) found an overall 40% increased risk of stroke for high versus low circulating calcium levels ( Figure 2) . 24 A recent large prospective study, including 25 810 incident stroke events among 442 013 participants, corroborated a positive association of baseline serum calcium levels with risk of stroke (highest versus lowest quintile: RR, 1.11; 95% CI, 1.06−1.15). 25 Calcium supplementation was associated with a marginally increased risk of stroke in a meta-analysis of 8 RCTs (RR, 1.15; 95% CI, 1.00−1.32). 26 Elevated serum calcium levels from calcium supplementation may influence vascular calcification by (Figure 1) , and high versus low fish consumption (≥5 versus ≤1 servings/week) was associated with a 12% reduced risk (RR, 0.88; 95% CI, 0.81−0.96). 27 No consistent association has been observed between the long-chain omega-3 polyunsaturated fatty acids found in fish and risk of stroke. In a meta-analysis of prospective studies, neither circulating biomarkers nor dietary intake of long-chain omega-3 polyunsaturated fatty acids was associated with risk of stroke ( Figure 2) . 27 Likewise, a meta-analysis of 12 RCTs showed no association of long-chain omega-3 fatty acid supplementation with stroke risk (Figure 2 ). 27 Besides omega-3 fatty acids, fatty fish is a source of vitamin D. High circulating vitamin D has been linked to a lower risk of stroke (Figure 2) . 24 However, it is uncertain whether this association is causal or the result of reverse causation bias or confounding because circulating vitamin D is primarily driven by sun exposure.
Eggs, Cholesterol, and Protein
Eggs are rich in protein, essential fatty acids, and micronutrients. Eggs are also high in cholesterol (≈200 mg per egg), which in the past was blamed to cause cardiovascular disease. Although a high dietary cholesterol intake may increase serum cholesterol levels, available evidence indicates that consumption of ≤1 egg daily does not increase the risk of stroke in the general population or in diabetics. 28, 29 In a meta-analysis of prospective studies, egg consumption was not associated with risk of total stroke (Figure 1 ) or ischemic stroke (highest versus lowest category: RR, 0.91; 95% CI, 0.82−1.01; n=4 studies) but was associated with a reduced risk of hemorrhagic stroke (highest versus lowest category: RR, 0.75; 95% CI, 0.57−0.99; n=3 studies). 28 Recent results from 2 prospective cohorts of ≈70 000 adults confirmed the lack of association between egg consumption and risk of ischemic stroke (≥1 egg per day versus 0−3 eggs per month: RR, 0.95; 95% CI, 0.77−1.17; n=3600 cases) but showed no association with risk of hemorrhagic stroke (corresponding RR, 1.03; 95% CI, 0.65−1.64; n=699 cases). 29 Dietary protein and certain amino acids, such as cysteine, which is found at high levels in eggs, might reduce blood pressure and have been associated with lower risk of ischemic and hemorrhagic stroke.
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Meats and Sodium
Few studies have reported on the association between consumption of processed meats (sodium-and nitrite-preserved meats, such as bacon, ham, and sausages) and unprocessed red meat and risk of stroke, but available data are relatively consistent. In a meta-analysis of 6 prospective studies (3 from the United States, 2 from Europe, and 1 from Japan), involving 10 630 stroke events among 329 495 participants, each serving per day increase in processed meat and unprocessed red meat consumption was associated with a 13% and 11% increased risk of stroke, respectively (Figure 1 ). 31 Processed meats contain added sodium, which raises blood pressure in a dose-dependent fashion. A meta-analysis of RCTs showed that when sodium intake was <2 g/d versus ≥2 g/d, systolic blood pressure was reduced by 3.47 (95% CI, 0.76-6.18) and diastolic blood pressure by 1.81 mm Hg (95% CI, 0.54-3.08). 32 In addition, a meta-analysis of 10 prospective studies found that high sodium intake was associated with a significant 24% increased risk of stroke (Figure 2) . 32 Results from the DASH-sodium randomized trial showed that reducing sodium intake significantly reduced blood pressure both during a control diet and during a DASH diet rich in fruits, vegetables, and low-fat dairy products. 33 Compared with a control diet with a high sodium level, the DASH diet with a low sodium level resulted in a mean systolic blood pressure that was 7.1 mm Hg lower in participants without hypertension and 11.5 mm Hg lower in participants with hypertension. 33 Besides sodium, processed meats contain nitrite preservatives. Nitrites and their products may promote atherosclerosis and vascular dysfunction and decrease insulin secretion. 31 Both processed and unprocessed red meat is a source of heme iron, and high iron levels might promote oxidative stress and theoretically increase the risk of stroke. High consumption of unprocessed red meat may also represent an overall unhealthy diet pattern, high in sodium.
In sum, given the considerable impact on sodium intake on blood pressure, and because high blood pressure is the major risk factor for stroke, there is strong basis that reducing dietary sodium intake may play a role in stroke prevention. Decreasing or avoiding consumption of processed (sodiumpreserved) meats may also lead to a reduced risk of stroke but further research is needed.
Sweetened Beverages
Of 6 prospective studies of sugar-sweetened beverage consumption in relation to stroke risk, a significant positive association was found in 2 studies. 34, 35 In 3 of 4 prospective studies, daily artificially sweetened beverage consumption was associated with an increased risk of stroke. 34, 35 Besides direct harms (eg, through hyperglycemia and related metabolic disturbances), consumption of sugar-sweetened beverages may increase stroke risk through weight gain or by replacing healthier foods. The mechanisms whereby artificially sweetened beverages might increase stroke risk are unclear.
Coffee and Tea
Observational data indicate that coffee and tea consumption is associated with a reduced risk of stroke (Figure 1 ), but causality remains unclear. A meta-analysis of 11 prospective studies, including 10 003 stroke cases and 479 689 participants, showed that coffee consumption was associated with risk of stroke in a nonlinear fashion, with the lowest risk observed at a daily consumption of 3 to 4 cups of coffee (RR, 0.83; 95% CI, 0.74-0.92), compared with no coffee consumption. 36 The RR estimates were similar for ischemic and hemorrhagic stroke. 36 In a meta-analysis of tea consumption, the RRs per 3-cups per day increment of tea consumption were 0.82 (95% CI, 0.73-0.92; n=8 studies) for total stroke, 0.84 (95% CI, 0.72-0.98; n=5 studies) for ischemic stroke, and 0.79 (95% CI, 0.72-0.87; n=5 studies) for intracerebral hemorrhage. 37 Coffee and tea are major sources of caffeine and are rich sources of phenolic compounds, such as chlorogenic acids and catechins (tea only). Chlorogenic acids have a modest blood pressure lowering effect and might reduce lipid peroxidation. 21 Moderate tea consumption has further been shown to enhance endothelial-dependent vasodilation. 21 
Alcohol
In comparison with nondrinkers, light and moderate alcohol consumption is associated with a lower risk of ischemic stroke, whereas high and heavy drinking increases stroke risk. 38 In a recent meta-analysis of 27 prospective studies, the RRs of ischemic stroke were 0.90 (95% CI, 0.85-0.95) for <1 drink per day, 0.92 (95% CI, 0.87-0.97) for 1 to 2 drinks per day, 1.08 (95% CI, 1.01-1.15) for >2 to 4 drinks per day, and 1.14 (95% CI, 1.02-1.28) for >4 drinks per day. 38 Heavy drinking (>4 drinks per day) was associated with increased risk of both intracerebral hemorrhage (RR, 1.67; 95% CI, 1.25-2.23) and subarachnoid hemorrhage (RR, 1.82; 95% CI, 1.18-2.82). The association of binge drinking and habitual heavy drinking with increased risk of stroke may be mediated by hypertension and atrial arrhythmias. 38, 39 The potential benefit of light-to-moderate alcohol consumption may be related to antithrombotic actions, increased high-density lipoprotein cholesterol levels, and reduced insulin resistance. 38, 39 Besides alcohol, red wine contains phenolic compounds (eg, resveratrol) with antioxidant and antithrombotic properties. These compounds may hypothetically reduce low-density lipoprotein cholesterol oxidation in blood vessel walls and promote endothelial health. 39 However, the association between red wine specifically and risk of stroke is unknown. The relation between alcohol consumption and risk of stroke and cardiovascular health have been discussed in more detail previously. 38, 39 Because alcohol is associated with some diseases, such as cardiomyopathy, arrhythmias, liver disease, and certain cancers, as well as with accidents and violence, alcohol consumption is not recommended as a means to lower the risk of ischemic stroke.
Conclusions
Of the dietary approaches for stroke prevention, available evidence from prospective studies is most consistent that a diet rich in fruit and vegetables and reduced in sodium and processed (sodium-preserved) meats may reduce the risk of stroke (Figure 3) . Evidence from the DASH trial indicates that such a diet can substantially reduce blood pressure. The PREDIMED trial provides support that a Mediterranean diet enriched with extravirgin olive oil or nuts lowers stroke risk. Consumption of other foods and beverages rich in phenolics, including chocolate, coffee, and tea, is also inversely associated with stroke risk in observational studies. However, the causality of these associations is indefinite because RCTs confirming these relationships are unavailable. Further research is needed on the role of vegetable oils, nuts, cocoa and dark chocolate, coffee, tea, phenolics, and micronutrients for stroke prevention.
A suboptimal diet has been estimated to be associated with a substantial proportion (≈52%) of deaths from stroke in the United States. 40 Among individual dietary components, the largest estimated stroke mortality was associated with suboptimal consumption of fruits (<300 g/d) and vegetables (<400 g/d) followed by suboptimal intakes of sodium (>2000 mg/d) and whole grains (<125 g/d). 40 A limitation of available evidence on the role of dietary approaches for stroke prevention is that most data derive from observational studies, which cannot prove causality. Individuals who adhere to healthy dietary patterns may be more physically active, less likely to smoke, and more likely to maintain a healthy body weight. Most studies adjusted for other health-promoting behaviors but residual or uncontrolled confounding may still have influenced the findings. Another concern is changes in dietary habits in response to disease manifestation, which could lead to a spurious association. Moreover, measurement errors in the assessment of food and nutrient intake and changes in diet during follow-up could have affected (most likely attenuated) the results. Another limitation is that many studies only reported results for all strokes combined. There are limited data on diet in relation to stroke types (ischemic stroke, intracerebral hemorrhage, and subarachnoid hemorrhage) and, in particular, ischemic stroke subtypes (eg, large-vessel, small-vessel [lacunar], and cardioembolic stroke). Stroke subtypes have different underlying 
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October 2017 disease mechanisms and may, therefore, benefit from different dietary approaches. Overall, available evidence indicates that the best means to reduce the risk of stroke is to adhere to a Mediterranean-or DASH-style dietary pattern abundant in fruits, vegetables, and other unrefined plant-based foods, rich in micronutrients and phenolics, as well as reduced in foods with added sodium.
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